A novel Gram-stain-negative, motile by gliding, and aerobic bacterial strain, designated SA31
The genus Flavobacterium, belonging to the family Flavobacteriaceae in the phylum Bacteroidetes [1] , was first established by Bergey et al. [2] and has been emended by Bernardet et al. [3] . Since then, the number of species in the genus Flavobacterium has grown rapidly. At the time of writing, the genus contains 155 species with validly published names (www.bacterio. net/flavobacterium.html). Members of the genus Flavobacterium were mainly isolated from soil and water habitats [4] [5] [6] [7] [8] [9] [10] [11] [12] while some species were identified in freshwater fish [13, 14] . In general, the bacteria are non-motile (or motile by gliding), rod-shaped and rely on menaquinone-6 (MK-6) as the predominant respiratory quinone [15] .
Strain SA31
T was isolated from soil near a reclaimed lake (Bunam Lake; 36 40¢ 30.3 † N 126 20¢ 24.0 † E) in Taean-gun, South Korea. Soil samples were suspended with distilled water by ten-fold serial dilution and inoculated on R2A agar (Lab M) plates with 1 % (w/v) sodium chloride at 30 C for two days. After incubation, ivory-coloured colonies could be seen. The isolate, designated as SA31 T , was routinely cultured on R2A agar and was stored at À80 C in R2A broth containing 20 % (v/v) glycerol for preservation.
Genomic DNA of strain SA31
T was extracted with an InstaGene Matrix kit (B-R). The 16S rRNA gene sequence was amplified from extracted DNA by PCR with the universal bacterial primers 27F, 1492R, 518F and 800R as described previously [16] . A total of 1443 nucleotides were determined. The 16S rRNA gene sequence was compared to those of related taxa using the BLAST program [17] as well as the EzTaxon-e application [18] . The 16S rRNA gene sequences of 43 species, mainly from the genus Flavobacterium, were retrieved from the GenBank database [19] and used to infer the phylogenetic affiliation of strain SA31 T . Escherichia coli ATCC 11775 T (GenBank accession number JMST01000030) was used as an outgroup. For the phylogenetic analyses, multiple sequence alignment of 16S rRNA gene sequences was performed with the SILVA application [20] . The MEGA software package (version 6) was used to reconstruct phylogenetic trees from the aligned sequences using the neighbour-joining and maximum-likelihood algorithms [21, 22] . A bootstrap resampling method was used to evaluate the robustness of the trees using MEGA6 [22] . Sequence similarity analysis of the 16S rRNA gene sequences revealed that strain SA31
T was closely related to Flavobacterium palustre S44 T (96.0 % 16S rRNA gene sequence similarity), Flavobacterium glycines Gm-149 showed that strain SA31 T belonged to the genus Flavobacterium, and was clustered with Flavobacterium daejeonense GH1-10 T and Flavobacterium glycines Gm-149 T in the neighbour-joining and maximum-likelihood trees (Fig. 1) . Based on sequence similarity and phylogenetic analyses, Flavobacterium daejeonense GH1-10 T , Flavobacterium glycines Gm-149 T , Flavobacterium defluvii EMB117
T and Flavobacterium palustre S44 T were chosen as reference strains for parallel analyses.
Cell morphology was examined by light microscopy (Axioskop 40; Zeiss) and transmission electron microscopy (G2 Spirit Twin; Tecnai) with cells grown on R2A agar at 30 C for 2 days. Growth was assessed in R2A broth at 5, 10, 15, 20, 25, 30, 35 and 40 C. Growth was tested on different media including R2A, Anacker and Ordal's agar (A&O, [23] ), tryptic soy agar (TSA; Lab M), MacConkey agar (Lab M), and nutrient agar (NA; Lab M) at 30 C for two days. Growth in R2A broth at pH 4, 5, 6, 7, 7.5, 8, 9 and 10 was assessed over a period of 2 days. The following buffers were used to achieve the desired pH: acetate buffer for pH 4-5, phosphate buffer for pH 6-8, and glycine-NaOH buffer for pH 9-10. Salt tolerance was assessed at 30 C in R2A broth containing 0-3.0 % NaCl (w/v, increments of 1.0 %). Unless otherwise stated, cells were grown on R2A agar at 30 C for 2 days. Motility was determined with the motility medium method [24] . Gliding motility was assessed with the hanging-drop method [25] . Growth under anaerobic conditions was determined on R2A agar after incubation in an anaerobic jar at 30 C for 7 days according to the manufacturer's instructions (GasPak EZ Anaerobe Container System Sachets; BD). Gram staining was performed with a Gram stain kit (BD) according to the manufacturer's protocol. The presence of flexirubin-type pigments and extracellular glycans were investigated with 20 % (w/v) KOH solution [26] and 0.01 % Congo red tests [27] , respectively. Absorption spectra of carotenoid pigments were examined by following the method of Peterson et al. [28] . Antibiotic tests were performed using the disc diffusion method [29] on R2A agar at 30 C with filter paper discs (8 mm diameter) 
Gaetbulibacter Genus Flavobacterium Fig. 1 . Phylogenetic tree reconstructed using the neighbour-joining method based on 16S rRNA gene sequences, and showings the position of strain SA31 T and its closely related species. Escherichia coli ATCC 11775 T (GenBank accession no. JMST01000030) was used as an outgroup. Evolutionary distances were computed using Kimura's 2-parameter method [21] and are given in units of number of base substitutions per site. Bootstrap values (expressed as percentages of 1000 iterations) >50 % are shown at branch points. Filled circles indicate branches found in phylogenetic consensus trees generated with the maximum-likelihood method. Bar, 0.02 nucleotide substitutions per nucleotide position.
containing the following antibiotics (µg per disc unless otherwise indicated): ampicillin (10), bacitracin (10 units), cefotaxime (30) , chloramphenicol (50), erythromycin (15) , gentamicin (30) , kanamycin (30) , novobiocin (30), penicillin G (10 IU), polymyxin B (300 units), rifampicin (5), streptomycin (10) , and tetracycline (10) . The diameters of inhibition zones were measured after 2 days.
The biochemical properties of strain SA31
T were characterized by employing the API ZYM and API 20NE kits (bioM erieux) according to the manufacturer's instructions. In addition, the following biochemical characteristics were investigated manually. Oxidase activity was determined by means of dimethyl-pphenylenediamine oxalate-impregnated discs [30] . Catalase activity was evidenced by bubble production in a 3 % (v/v) hydrogen peroxide solution [24] . Degradation of aesculin (aesculin iron agar), casein (2 % skimmed milk), CM-cellulose (0.5 % CM-cellulose overlay agar), DNA (DNA agar), gelatin, L-tyrosine (0.5 % L-tyrosine agar) and starch (0.2 % starch) was tested as described previously [4, 24, 31] . Production of H 2 S was assessed on triple sugar iron agar, and nitrate reduction was investigated in nitrate broth as described previously [24] . Acid production from various carbohydrates was assessed as described by Smith et al. [32] . In addition, the biochemical and enzyme characteristics of strain SA31
T were determined using a Vitek 2 GN system (bioM erieux) according to the manufacturer's instructions. Detailed physiological and biochemical data are provided in Table 1 and in the species description.
Whole-cell fatty acids were saponified, methylated, and extracted from cells grown on R2A agar for 2 days at 30 C using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.1). The extracted fatty acids were analysed by gas chromatography (6890; Hewlett Packard) and identified by utilizing the TSBA6 database of the Microbial Identification System [33] . Polar lipids and isoprenoid quinones of strain SA31
T were prepared and analysed by following the methods of Komagata and Suzuki [34] . The G+C content of chromosomal DNA of strain SA31
T was determined by the method of Mesbah et al. [35] .
T was Gram-stain-negative, aerobic, and nonmotile, but gliding motility was observed. Cells did not have flagella and were 0.3-0.5 µm in diameter and 1.5-1.8 µm in length (Fig. S1 , available in the online Supplementary Material). Growth occurred at 10-35 C (optimum [25] [26] [27] [28] [29] [30] C), at pH 6.0-9.0 (optimum pH 7.0-7.5), and with 0-2.0 % (w/v) NaCl (optimum 0 %). The polar lipids of strain SA31
T comprised phosphatidylethanolamine, one unknown aminolipid, one unknown glycolipid, one unknown aminophospholipid and three unknown lipids (Fig. S2) . Strain SA31
T and its close relatives Flavobacterium daejeonense GH1-10 T , Flavobacterium glycines Gm-149 T , Flavobacterium defluvii EMB117 T and Flavobacterium palustre S44 T exhibited typical characteristics of the genus Flavobacterium [27] . They all have MK-6 as the major respiratory quinone and their DNA G +C contents ranged from 33.5 to 35.6 mol%. The major fatty acids in strain SA31
T and closely related species were also similar, but the isolate contained a relatively low amount of summed feature 3 (C 16 : 1 !7с and/or C 16 : 1 !6с) and a high amount of iso-C 16 : 0 compared to related taxa (Table 2) . A number of traits including enzyme activity associated with a-chymotrypsin and a-fucosidase as well as the inability to produce acids from glucose and fructose differentiated strain SA31
T from related species (Table 1) . Detailed characteristics of strain SA31
T are presented in the species description. . All data except for DNA G+C contents of reference strains and the data in parentheses (taken from Feng et al. [12] , Madhaiyan et al. [9] , Park et al. [6] , Kim et al. [36] for strains 2-5, respectively) were obtained in this study. All strains were negative for the following characteristics: Congo red absorption, motility on motility medium, production of H 2 S, brown pigment production on tyrosine agar, and hydrolysis of DNA and urea. All strains were able to grow on A&O and NA, but not on MacConkey agar. +, Positive; À, negative; W, weakly positive. 
DNA G+C content (mol%) 33.5 33.6 35.6 33.5 35
*Different results were reported by Feng et al. [12] . This study used R2A agar for flexirubin-type pigment test and Nitrate broth for nitrate reduction test. †Different results were reported by Madhaiyan et al. [9] . ‡Different results were reported by Park et al. [6] .
Based on the polyphasic data presented above, strain SA31
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium eburneum sp. nov. is proposed.
DESCRIPTION OF FLAVOBACTERIUM EBURNEUM SP. NOV.
Flavobacterium eburneum (e.bur¢ne.um. L. neut. adj. eburneum ivory-coloured).
Cells are Gram-stain-negative, aerobic and rod-shaped. Cells do not have flagella but exhibit gliding motility (Fig. S1) . Cells are 0.3-0.5 µm in diameter and 1.5-1.8 µm in length. Growth occurs at 10-35 C (optimum 25-30 C), at pH 6.0-9.0 (optimum pH 7.0-7.5), and with 0-2.0 % (w/v) NaCl (optimum 0 %). Although colonies grown on R2A agar are ivory in colour, different morphological characteristics are observed in the presence or absence of sodium chloride. In the presence of 1 % (w/v) sodium chloride, colonies are circular and convex, with a regular margin. Colonies grown without sodium chloride are irregular and swarming with a curled-margin. No growth difference is observed in 0-1.0 % (w/v) sodium chloride. In R2A broth and on R2A agar, growth is inhibited with 2 % (w/v) sodium chloride and 3 % (w/v) sodium chloride, respectively. Growth occurs on A&O, NA, and TSA but not on MacConkey agar. Flexirubin-type and carotenoid pigments are absent. Nitrate reduction is observed in nitrate broth. Cells are positive for catalase activity but negative for oxidase activity; positive for acid production from lactose but negative for acid production from fructose, glucose, mannitol and sucrose; and positive for hydrolysis of CM-cellulose and starch but negative for hydrolysis of aesculin (aesculin iron agar) and gelatin. In API ZYM tests, positive results are observed for for acid phosphatase, alkaline phosphatase, a-chymotrypsin, afucosidase, a-glucosidase, esterase lipase (C8), leucine arylamidase, naphtol-AS-BI-phosphohydrolase and N-acetyl-bglucosaminidase activities, weakly positive results for esterase (C4) activity, and negative results for a-galactosidase, a-man- The type strain, SA31
T (=KACC 18743 T =JCM 31221 T ), was isolated from reclaimed saline land soil at Bunam Lake in Taean-gun, South Korea. Th e DNA G+C content of the type strain is 33.5 mol%. 
